The marginal mafic granulites that locally border the Nain Plutonic Suite (NPS) have a range of initial Ndisotope ratios that overlap with that of the NPS anorthosites and associated Nain dykes. The similarity in Nd-isotope data suggests that gneissic Archaean country rocks have contaminated all the anorthosites, marginal mafic granulites, and dykes. Sr-isotope data for the mafic granulites and dykes support a country rock contamination scenario but preclude wholesale assimilation of rocks such as the host Archaean tonalite gneisses as the sole contaminant. Initial ε Sr values of +10 to +403 and +0.9 to +242 for the mafic granulites and dykes, respectively, are significantly higher than values for NPS country rocks examined thus far. The elevated initial ε Sr values are therefore interpreted to result from the introduction of radiogenic Sr into the granulites and dykes via Sr-rich fluids, generated by the breakdown of Rbrich mineral phases such as biotite in the country rocks during NPS.
Introduction
The petrogenesis of the anorthosite-dominated Nain Plutonic Suite (NPS) has been discussed by several workers but remains controversial (Morse 1982; Wiebe 1992; Emslie et al. 1994) . Granulite-facies mafic rocks occur along the margin of the NPS and have been considered part of the host Archaean rocks and the NPS. Rocks similar to these have been credited with having played an important role in the petrogenesis of the anorthositic rocks (Emslie 1978a (Emslie , 1978b (Emslie , 1980 Morse 1982; Olson and Morse 1990 ). This study examines their field, geochemical, and Sr-and Nd-isotope characteristics to better understand their relationship with the NPS. New Nd-and Sr-isotope data and geochemical data are presented for the marginal mafic granulites from the Jonathon and Nukasusutok island intrusions and compared with existing data from the NPS anorthosites (Hamilton 1993; Emslie et al. 1994 ) and associated Nain dykes (A.C. Cadman, unpublished data). On the basis of this new data, we propose that the mafic granulites are related to the NPS. Furthermore, Sr-isotope data indicate that the marginal granulites were also affected by significant contamination by a source of radiogenic Sr, similar to some NPS anorthosites.
south boundary between the two provinces is marked by the ca. 1.8 Ga (Wardle et al. 1990 ) collisional Torngat Orogen. This collisional suture was intruded by a diverse array of plutonic rocks of anorthosite, troctolite, diorite, and granitic rocks (between 1.35 and 1.29 Ga) that make up the NPS (Morse 1971 (Morse -1983 Ryan 1990; Ryan and Emslie 1994) .
The Churchill Province boundary with the Nain Province consists of a band of garnetiferous gneisses known as the Tasiuyak gneisses (Wardle et al. 1990 ), spatially coincident with the collisional Torngat Orogen. Much of the Churchill Province consists of reworked Archaean basement. East of the Churchill Province lies the Archaean Nain Province (3.8-2.7 Ga) consisting largely of high-grade gneisses, representing the Labrador segment of the North Atlantic Craton. These gneisses can be split into two blocks according to their structural and lithological affinities and geochronology: the Saglek Block in the north and the Hopedale Block in the south (Fig. 1) . The blocks have distinct lithological and tectonic histories (Bridgwater and Schiøtte 1991) until the late Archaean (ca. 2.57 Ga), suggesting that they were separate terranes until this time (Connelly and Ryan 1996) . Island. The inset map shows the regional tectonic framework of Labrador, displaying the main geological provinces (from Wardle et al. 1990 ). Numbers indicate sample locations for the marginal mafic granulites.
Pioneering work by Wheeler (1942 Wheeler ( , 1960 showed that the NPS was a polyphase batholithic igneous terrane. Later detailed studies of the Nain Anorthosite Project (Morse 1971 (Morse -1983 Emslie et al. 1972; Taylor 1979; Emslie 1980; Morse 1982 ) revealed a diversity of compositions and intrusive forms (e.g., bulbous, saucer-shaped layered intrusions and large dykes) and identified multiple intrusive events within superficially simple plutonic units, the accepted nomenclature of which is summarized by Ryan (1990) . A contactmetamorphic aureole adjacent to the NPS (Berg 1977 ) is locally developed within the country-rock gneisses and mafic enclaves. Paragneisses in the contact aureole contain cordierite and spinel pseudomorphs after sillimanite, indicative of pyroxene-hornfels facies metamorphism.
The anorthosites within the Grenville and northern Labrador are characterized by light rare earth elements (REE) enrichment, positive Eu anomalies (Ashwal and Seifert 1980) , and a consistent slope to the heavy REE. In contrast, some leucogabbros have high total REE abundances and no Eu anomaly (Watson 1979) . The margins of many of the anorthosite intrusions show enrichment in large ion lithophile elements (LILE), consistent with crustal contamination . Noritic (orthopyroxene-bearing) plutons isotope signature reflects a greater crustal component than the more olivine-rich varieties Ashwal and Wooden 1983) .
Mafic granulites
Granulite-facies mafic rocks occur as enclaves in the gneisses that host the NPS and as larger bodies that locally border the NPS anorthosites (Wheeler 1942; Ryan 1991 Ryan , 1993 Berg et al. 1994; Royse and Ryan 1995) . The origin of these mafic granulites has been the subject of considerable debate, and in particular whether they are a component of the country rocks or the NPS (Isachsen 1968; Nolan and Morse 1986; Olson and Morse 1990) . During the course of this study, the mafic granulites immediately bordering the NPS, herein referred to as the marginal mafic granulites, were found to differ from mafic granulite enclaves occurring more distal to the NPS in the host rock gneisses in that the former retain their primary textures, such as well-developed igneous layering. In addition, the marginal mafic granulites are unmetamorphosed and do not contain podiformed hornblende.
Two marginal mafic granulite suites are examined here: the southwestern margin of the Jonathon Island intrusion, and the eastern margin of the Nukasusutok Island intrusion (Fig. 1) . Other similar marginal granulites occur at Moskie Island, Myrtle Island, Mary Island (which also form the outer marginal zone of the Newark Island intrusion, Fig. 1 ), and the eastern side of the Paul Island intrusion.
The southwestern margin of the Jonathon Island intrusion is best exposed on Carey Island . The contact between the marginal mafic granulites and the anorthosites is diffuse, suggesting that the marginal mafic granulites and anorthosites are components of the same intrusive body. The composition of the marginal mafic granulites ranges from olivine gabbro-norite to olivine norite. Within the unit there are inclusions and rafts of paragneisses, quartzo-feldspathic rocks, and older hornblenderich mafic granulite, as well as brecciated fragments of leuconorite. The marginal mafic granulites show welldeveloped igneous layering that is locally chaotic and display slump folding. Large orthopyroxene pods and pegmatitic xenoliths of leuconorite disrupt the layering within the marginal series. The unit and the outer border zone of the Kiglapait intrusion (Nolan and Morse 1986 ) share a number of similar characteristics (i.e., both are granulitic olivine gabbro-norites with locally chaotic layering).
The marginal mafic granulites occurring along the western margin of the Nukasusutok Island intrusion make up a layered unit of olivine norite. The layering in this unit is not as chaotic as that observed in the Jonathon Island marginal mafic granulites. Recrystallized mafic dykes that are discordant to the primary igneous layering have a strong foliation parallel to the pervasive foliation in the layered olivine norite, indicating predeformation emplacement of the layered olivine norite and the dykes. The marginal mafic granulites are clearly earlier than the Nukasusutok Island anorthosite intrusion to the west, which is not crosscut by mafic dykes. The original igneous textures in the marginal mafic granulites, however, serve to distinguish the unit from older granulite mafic bodies occurring in the Archaean country rocks.
Nain dykes
Archaean gneisses that form the country rocks to the NPS are intruded by a variety of metamorphosed mafic dykes (Ryan 1995; Cadman and Ryan 1994) . Dyke emplacement probably took place during three episodes at ca. 2560 Ma (cf. Connelly and Ryan 1994) , ca. 2.05 Ga , and between 1328 and 1316.5 Ma, the time when the latest and predominant group intruded (Cadman et al. 1999) . The last group of metamorphosed dykes is probably directly associated with NPS emplacement and possibly represents leaks from NPS feeder chambers (Cadman et al. 1999) .
The textures of the main 1328-1316.5 Ma group of dykes (referred to as Nain dykes) vary from diabasic to granular to strongly foliated, although massive to porphyritic types are also present. Cadman et al. (1999) described three principal varieties of Nain dykes: black two-pyroxene-hornblende dykes, grey two-pyroxene dykes, and black amphibolite dykes. Crosscutting relationships indicate that the dykes were intruded over the same time period.
Marginal mafic granulite geochemistry
Major and trace element data, in addition to Sr-and Ndisotope data, were obtained on the marginal mafic granulites to characterize their composition and permit comparison with the adjacent confirmed NPS and country-rock gneisses.
Analytical methods
Fresh representative whole rock samples were trimmed, jaw crushed, and ground to a fine flour in an agate mill. Major element compositions were determined on fused discs using Rh anode excitation, and the trace elements Sc, V, Cr, Ni, Zn, Ga, Rb, Sr, Y, Zr, Nb, La, Ce, Nd, and Ba were measured on pressed powder briquettes using either Rh or W excitation on a Phillips PW1600 X-ray fluorescence spectrometer (for techniques see Marsh et al. 1983 
Results

Major element geochemistry
SiO 2 contents of the marginal mafic granulites vary from 42 to 61 weight percent (wt.%) and magnesium numbers (Mg#) range from 20 to 75 (Table 1) . For comparison, the 1316.5-1328 Ma Nain dykes have SiO 2 values from 42 to 58 wt.% with Mg# from 31 to 85 (Table 1 ). The marginal mafic granulites and the dykes within the area have relatively high Al 2 O 3 and Fe 2 O 3 values, the majority of which lie in the range 5-15 and 11-18 wt.%, respectively. Most of the marginal mafic granulites and the dykes are Fe basalts, as defined by Shirey and Hanson (1986) , but they have notably higher Al contents than typical Fe-Ti basalts. Similar AlFe-rich mafic rocks have been noted in other anorthositebearing terranes by Olson and Morse (1990) .
In comparison to the marginal mafic granulites, the anorthosite silica values (Hamilton 1993; Emslie et al. 1994 ) typically range from 42.3 to 69.9 wt.%, Al 2 O 3 values range between 29.8 and 10.5 wt.%, and Mg# between 13 and 70. Rb/Sr ratios are low, ranging from 1.000 to 0.003, and suggest that the plutons in the NPS have undergone large-scale differentiation since separation from the parental magma.
Trace element geochemistry
Trace element concentrations for the marginal mafic granulites, anorthosites, and the Nain dykes are listed in Table 1 and plotted on trace element distribution plots in Figs. 2a-2e. The marginal mafic granulites from the Jonathon Island intrusion have negative Nb anomalies, with a positive anomaly in Sr (Fig. 2a) , whereas the layered olivine norite from Nukasusutok Island (Fig. 2b ) has positive Ba, Nb, and Sr anomalies.
The anorthosites have trace element distribution patterns ( Fig. 2c ) that reflect the plagioclase-rich nature of these rocks (Duchesne 1978; Xue and Morse 1993; Emslie et al. 1994) . They are all enriched in Ba, K, La, Ce, Sr, and Nd compared to primitive mantle. The low overall abundance of REE and a positive Eu anomaly for the anorthosites are consistent with the accumulation of plagioclase .
Not all trace element characteristics in the anorthosites can be attributed to differences in cumulus mineralogy. For example, decreases in Y associated with decreasing magnitude of Eu anomalies cannot be accounted for by the accumulation of olivine and pyroxene and therefore must reflect the parental magma or source from which the anorthosites were derived. In addition, the observed Rb, Ba, and Sr contents cannot be accounted for in light of the distribution coefficients for plagioclase and, therefore, must be a characteristic of the magma source (Xue and Morse 1993) . Cadman et al. (1993 Cadman et al. ( , 1995 and Cadman and Ryan (1994) have described the geochemistry of the Nain dykes in detail. The dykes can be divided into two chemical groups on the basis of their high field strength elements (types A and B). These two chemically distinct groups are not distinguishable on the basis of their field characteristics, particularly with respect to inconsistent relative ages as determined by crosscutting relationships of the dykes within the study area. Multielement plots of group A dykes indicate enrichment in elements from Nb to Nd and depletion in Y (Fig. 2d ) compared with group B dykes (Fig. 2e) . Group B dykes (Fig. 2e) have relatively flat multielement profiles with slightly negative Nb anomalies, and fractionation of La and Ce, due to the accumulation of mafic minerals such as olivine and pyroxene. A positive Rb anomaly, as measured against Ba abundance, is found for some dykes in group B and is probably a metamorphic effect (Pearce 1983) .
Isotope geochemistry
The marginal mafic granulites of the Jonathon Island intrusion have initial ε Sr(1317 Ma) ranging from +54 to +403 (Table 2), and layered olivine norites from Nukasusutok Island have initial ε Sr ranging from +10 to +384. These values are considerably more radiogenic than bulk Earth at 1317 Ma ( 87 Sr/ 86 Sr i = 0.7029; Taylor and McLennan, 1981 ). In contrast to the Sr-isotope data, the Nd-isotope data show a significantly more limited range of ε Nd values. The marginal mafic rocks of the Jonathon Island intrusion have ε Nd(1317 Ma) values from +0.3 to -17.0, whereas the layered olivine norite from Nukasusutok Island has values from -4 to -11 (Table 2).
Discussion
Isotope geochemistry
Regional Sr-and Nd-isotope studies on the anorthosites of the eastern Canadian Shield reveal a good correlation be- Notes: All Rb/Sr data were obtained on a MAT262 mass spectrometer in two different periods, during which analyses of NBS987 yielded 0.710202 ± 22 ( 87 Sr/ 86 Sr, 1σ, n = 29) and 0.710211 ± 20 (1σ, n = 21). Nd data were obtained on both a MAT262 and a VG354 mass spectrometer. During the course of analysis on the VG354 the LaJolla standard yielded 143 Nd/ 144 Nd = 0.511853 ± 9 (1σ, n = 48). An NIGL internal standard gave 143 Nd/ 144 Nd = 0.511125 ± 7 (1σ, n = 82) on the VG354, and during the same period data from the MAT262, gave 143 Nd/ 144 Nd = 0.511134 ± 18 (1σ, n = 52). Duplicates listed above were measured for separate dissolutions and show that no bias was detectable for data obtained on the two mass spectrometers. Blanks during the course of analyses were <200 pg Nd and <500 pg Sr.
a Sm and Nd concentration data were obtained by isotope dilution and measured to a precision of ±0.1% (2σ), and Rb and Sr concentrations were measured by X-ray fluorescence to a precision of ±0.5%.
b Present-day 143 Nd/ 144 Nd ratios; errors are ±2 standard errors of the mean. c Sample run on the MAT262 mass spectrometer. Other samples were run on the VG354 mass spectrometer. d Model ages greater than 4.5 Ga or less than 0 Ga obtained when ε Nd (0 Ma) is greater that 0 and 147 Sm/ 144 Nd is significantly greater than approx. 0.1000. tween geographic location (i.e., basement composition) and initial isotopic compositions of the anorthosites (Hamilton 1993) . Proterozoic anorthosites northwest of the Grenville front have significantly different isotopic signatures than those within the Grenville Province . The isotopic signature of the NPS exhibits the same correlation and is profoundly influenced by the crustal signatures of the host province to the extent that the location of the NainChurchill boundary can be inferred from differences in the Nd isotopic ratios of the NPS anorthositic plutons (Hamilton 1993) .
In general, the range of initial ε Sr and ε Nd values obtained for the marginal mafic granulites significantly overlaps with data obtained elsewhere in the NPS and the host gneisses (Table 3 ; Fig. 4 ), although in detail there are some important differences. ε Sr values for the NPS anorthosite range between +9 and +45 at 1317 Ma (Hamilton and Shirey 1992; Hamilton 1993) and show that the majority of NPS rocks (i.e., Fig. 2 . Multielement diagrams for the mafic rocks bordering the Jonathon Island intrusion (a), the layered olivine norite from Nukasusutok Island (b), the anorthosites of the NPS (c), and group A (d) and group B (e) mafic dykes associated with the Nain Plutonic Suite (Cadman et al. 1999 ). Mantle-normalized values after Taylor and McLennan (1981 samples taken from within major plutons) have a more limited range of ε Sr than the marginal mafic granulites. Nevertheless, the marginal mafic granulite data are not anomalous in the light of data obtained for rocks from anorthosite pluton margins, for example at Higher Bight (ε Sr = +64 to +123), and an anorthositic dyke (ε Sr = +463; Hamilton 1993). The Nain dykes (Cadman et al. 1998 ) also have a large range in initial ε Sr values from -9 to +242. The ε Sr values of some dykes and marginal facies rocks are sufficiently high to suggest they are not primary, as has been concluded for some components of the NPS ( (Tables 2, 3 ), akin to the observed range of the NPS anorthosites and associated rocks (Higher Bight and anorthositic dykes) of -3.7 to -14 (Ashwal et al. 1992; Hamilton 1993; Emslie et al. 1994) . The Nain dykes have ε Nd values in the range +5.9 to -3.8, distinct from most NPS rocks, although the ε Nd value of 5.9 for this unit is the only value above depleted mantle.
Crustal contamination of marginal mafic granulites and Nain dykes
The ε Nd values for the Nain dykes and marginal mafic granulites are significantly lower than depleted mantle and are clearly not solely derived from a simple mantle reservoir. A satisfactory interpretation of the data for the marginal mafic granulites and Nain dykes therefore requires an assessment of the role of crustal contamination to investigate the mechanisms responsible for the production of negative ε Nd and extremely positive ε Sr values. A similar interpretation was reached for the NPS anorthosites (Hamilton 1993 (Hamilton , 1987 .
The predominantly granitic Archaean and Proterozoic NPS country rocks had much higher REE contents and more negative ε Nd values than the NPS (Hamilton 1993 ), Nain dykes, or marginal mafic granulites, indicating that only a small amount of assimilation would significantly modify the ε Nd signature of these rocks. Figure 3 presents mixing relations of a hypothetical mafic melt derived from depleted mantle with Nain Province Archaean and Proterozoic rocks. 
where a and b are the components being mixed together, e.g., NPS anorthosite and country-rock gneisses; m is the resultant mixture; and f is the proportion of a in the mixture (DePaolo 1981). Country-rock compositions used here are Archaean tonalitic migmatized gneiss (contaminant A) and Proterozoic granitoid gneiss (contaminant B) taken from Hamilton (1993) . Figure 3 shows that even small amounts (approx. 10%) of gneiss shift the Nd-isotope ratios of an asthenospheric melt a considerable degree away from depleted mantle.
Simple binary mixing equations (Langmuir et al. 1978 ) were used to calculate the relative proportions of crustal and mantle components to further examine the effects of contamination, particularly as it effects Sr isotopes. Binary mixing can be described by the equation
where R m x is an isotope ratio of X in a mixture of components a and b; X b and X a are the concentrations of X in a and b, respectively; and f is the weight fraction of a. In this case Nd-and Sr-isotope ratios for the marginal mafic granulites and the country-rock gneisses are compared. A depleted mantle isotopic composition of ε Nd = +2, 87 Sr/ 86 Sr i = 0.7026 at 1.3 Ga (Taylor and McLennan 1981; Albarède and Brouxel 1987 ) is used to represent hypothetical initial conditions of a NPS asthenospheric melt prior to interaction with the crust. A depleted mantle composition is a reasonable starting condition given that it is approximately equivalent to the potentially least modified signature observed for the Nain dykes (ε Nd = +2.26, 87 Sr/ 86 Sr i = 0.702; Cadman et al. 1999) . The end-member Sr-and Nd-isotope compositions for the country-rock gneisses of the Nain Province are those of Hamilton (1993) . Table 3 . Comparison of Sr-and Nd-isotope data for NPS intrusions, Nain dykes, and mafic granulites.
Fig. 3.
143 Nd/ 144 Nd vs. Nd illustrating calculated mixing hyperbole for contaminants A (Archaean tonalite) and B (Proterozoic granitoid gneiss), with a primary asthenospheric magma (see Hamilton 1993). taminants and depleted mantle. Contaminants A and B are the same as in Fig. 3 . Most of the available data for NPS anorthosites, and some of the marginal mafic granulites and the Nain dykes, have ε Sr versus ε Nd values that plot between the mixing curves for depleted mantle, Archaean and Proterozoic gneisses and thus could be explained in terms of local country rock contamination. The most primitive members of the array can be accounted for by as little as 10% bulk assimilation of crustal material. The more extreme apparent contamination levels involving Proterozoic crust, however, require at least 40% crustal assimilation. Such levels of assimilation are completely unrealistic, as the bulk composition of the rocks would be modified to excessively felsic compositions. Furthermore, several marginal mafic granulites samples have ε Sr values higher than that of any Proterozoic and Archaean gneisses proximal to the NPS but do not have correspondingly negative ε Nd ratios. The high ε Sr values and apparent decoupling of Sr and Nd isotopes indicates that bulk contamination of a depleted mantle source with gneisses presently exposed in the Nain Province is not adequate in explaining the isotope characteristics of the Nain dykes and marginal mafic granulites.
A number of mechanisms could account for the fact that marginal mafic granulites, Nain dykes, and the NPS anorthosites do not follow a single mixing path. Assimilation of a wide range of rock types with varied composition or concurrent assimilation and fractional crystallization (AFC; DePaolo 1981) could have occurred, but both are unlikely. First, assimilation would require availability of high-ε Sr , low-ε Nd material, probably with relatively mafic major element chemistry so that the final bulk geochemical composition is not shifted to an intermediate to felsic composition. Rocks within the Nain Province with ε Sr in excess of +500 have not been reported, but would be necessary to produce the high ε Sr values observed in some of the mafic granulites. Second, low temperatures (200-300°C, 6-14 km; Berg 1977) of the crust, far below that of mantle melts, would result in rapid heat loss and crystallization of the assimilating magma. AFC does not appear to be a viable mechanism, therefore, because wholesale assimilation of cold crust would result in rapid freezing, precluding continuation of fractionation. The Nd signatures of anorthosites and marginal mafic granulites are consistent with derivation by partial melting of an asthenospheric mantle source (DePaolo 1981; Hamilton 1993) . If the marginal mafic granulites are indeed related to the NPS, then they have the most primitive Nd signatures so far recorded in the NPS (ε Nd = 0.74 for the marginal mafic rocks). To summarize, the ε Nd values of the marginal mafic granulite and the Nain dykes can be adequately accounted for by contamination with gneisses of the Nain Province. This is similar to the scenario proposed for NPS anorthosites by Hamilton (1993) . Those samples which possess very high ε Sr values but do not have correspondingly negative ε Nd ratios cannot be accounted for in this model.
Origin of high ε Sr values in mafic granulites
Contamination of the marginal mafic granulites by a high-ε Sr source, without imposing significant changes to the major element content of the granulites, requires a selective contribution of Sr from a high-ε Sr , Sr-rich reservoir. The production of magmas with high ε Sr values by contamination with a Sr-rich source has been documented in subduction-related systems, where fluids have introduced Sr ultimately derived from seawater (O'Nions et al. 1978) . A similar process is unlikely in the case of the marginal mafic granulites because the rocks of the Nain area are anhydrous and not subduction related (Berg 1976 (Berg , 1977 Morse 1982) . Nevertheless, local sources of appropriate Sr are available to the marginal mafic granulites. Krogh and Davis (1973) and Collerson (1982) noted that Sr migrated over relatively short distances during amphibolite-facies metamorphism, driven by chemical gradients existing between rock layers with strongly contrasting chemical composition. It is possible that a similar process could have introduced Sr with a high ε Sr signature from the host gneisses into the marginal mafic granulites. Patchett (1980) suggested that one of the most effective methods of contamination in basaltic sheets is the breakdown of hydrous minerals (particularly significantly older sheet silicates) in the surrounding country rock. In the case of the marginal mafic granulites, the most plausible source of Sr with a high ε Sr available is biotite from the country rocks, particularly the ca. 2.5 Ga schlieric granitoid gneisses (Ryan 1992 (Ryan , 1993 . The biotite is likely to have experienced breakdown during high-temperature pyroxene-hornfels facies contact metamorphism associated with NPS intrusion. The biotite in the gneisses would have developed a high ε Sr signature relative to the host gneiss between the late Archaean and the time of NPS intrusion because of its high Rb/Sr ratio. Breakdown of biotite during metamorphism would result in the release of Rb and Sr which would then be available to the mafic granulites, possibly via a metamorphic fluid phase derived from the gneisses. The Sm-Nd Hamilton (1993) and for the Nain dykes from Cadman et al. (1999) . The data suggest that not only the marginal granulites, but also the margins of the anorthosites and the dykes have been affected by thermal breakdown of biotite in the host rocks and transport of accumulated radiogenic Sr by metasomatic fluids. Fig. 6 . Phase diagram of the mafic granulites and Al-Fe-rich gabbros found in other massif-type anorthosite terrains. It is noteworthy that all their bulk compositions cluster near the point of multiple saturation with olivine, plagioclase, and orthopyroxene. All projected from wollastonite onto the olivine-plagioclase-silica plane (Longhi 1991). characteristics of the marginal mafic granulites would not have been influenced because Sm and Nd are not major components of biotite. Plagioclase crystallizing in the mafic granulites adjacent to the gneisses would have been a sink for Sr from biotite breakdown, but no mineral phase crystallized to accept Rb. As a consequence, Rb would have become decoupled from Sr and the marginal rocks would have been progressively enriched in apparently unsupported radiogenic Sr. Biotite is sufficiently enriched in Sr such that only volumetrically small amounts (up to 15 wt.%) of biotite Sr would have been required to produce the observed increase in Sr within the marginal mafic granulites (Fig. 5) . A similar scenario has been proposed for dykes in the Saglek Block (Collerson et al. 1984) and could also apply to those NPS anorthositic rocks (Higher Bight and the anorthosite dykes; Hamilton 1993) and the Nain dykes which have particularly high ε Sr and ε Nd ≈ 0. It is possible that this effect occurred in other NPS anorthosites and associated ferrodiorites, but their more negative ε Nd values makes the detection of anomalously elevated ε Sr values difficult.
Implications to petrogenesis of the NPS
Olson and Morse (1990) have noted that many anorthosite complexes contain rocks with unusually high Al 2 O 3 (5-15 wt.%) and Fe 2 O 3 (11.6-18 wt.%). Most of the Al 2 O 3 and Fe 2 O 3 contents for the marginal mafic granulites and Nain dykes fall within these ranges. The bulk compositions of the marginal mafic granulites are tightly clustered near the point of multiple saturation with plagioclase, olivine, and orthopyroxene between 11.5 and 15 kbar (1 kbar = 100 MPa) on an olivine-silica-plagioclase phase diagram (Fig. 6) (after Longhi 1991) . It is noteworthy that Al-Fe-rich gabbros found in the Laramie, Harp Lake, Adirondacks, and Kiglapait intrusions all plot in broadly the same area (Fig. 6 ) (Olson and Morse 1990) .
It has long been suspected that high-Al-Fe mafic magmas have an important connection with massif-type anorthosites and their parental magmas (Emslie 1978a (Emslie , 1978b (Emslie , 1980 Morse 1982; Olson and Morse 1990) . Fram and Longhi (1992) indicated it is not possible for high-Al-Fe mafic magmas to directly produce the amounts of plagioclase in anorthosite by fractional crystallization, thus implying mechanical enrichment of plagioclase. Alternatively, polybaric crystallization (cf. Longhi and Ashwal 1985; Emslie et al. 1994) could account for the large amounts of plagioclase. For instance, at 10 kbar olivine, plagioclase, and orthopyroxene coexist at the eutectic point. However, at 15 kbar a peritectic exists between olivine, orthopyroxene, and spinel such that the plagioclase component in the remaining liquid will increase as crystallization proceeds. If the liquid intruded upwards, pressure decreases and plagioclase is the sole liquidus phase (Morse 1979) . The parental liquids of anorthositic intrusions would therefore have lower normative plagioclase compositions than would be calculated for the anorthositic intrusions (Morse 1979) .
Conclusions
The marginal mafic granulites from the NPS exposed on Nukasusutok Island and Jonathon Island are interpreted to be an integral part of the NPS on the basis of their field relationships (diffuse contacts with NPS anorthosites, distinct nature compared to Archaean hornblende-bearing granulites), their major element characteristics, and their Sr-Ndisotope systematics. The phase relationships of the marginal mafic granulites are similar to Al-Fe-rich gabbros from the Laramie, Harp Lake, and Adirondack anorthosite massifs. It is suggested that the marginal mafic granulites may be a reasonable approximation to the parental magma to the NPS.
The marginal mafic granulites, as well as the 1328-1317 Ma Nain dykes, possess a wide range of initial Sr and Nd signatures that generally overlap with those observed in the margins of the NPS anorthosites (Hamilton 1993; . The isotope characteristics of many of the dykes and marginal mafic granulites can be adequately accounted for by contamination with gneisses of the Nain Province as proposed for NPS anorthosites by Hamilton (1993) . Some marginal mafic granulites, however, possess very high ε Sr values but do not have correspondingly negative ε Nd ratios typical of crustally contaminated mafic magmas. It is proposed that their Sr-isotope signatures are the result of the selective introduction of Sr derived from the breakdown of biotite in the host Archaean gneisses during pyroxenehornfels facies contact metamorphism.
